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This document describes some of the more popular analog to digital (A/D) 
conversion schemes available for use with the NEURON CHIP. 

The intent is not to provide an exhaustive survey of all conversion techniques but 
to provide an application-oriented reference for the user of the NEURON CHIP. As 
such, the ideas and solutions discussed are presented with the specific attributes and 
features of the NEURON CHIP in mind in order to minimize the amount of design 
work required by the designer while enhancing system performance and overall 
functionality. 

For more specific information on A/D conversion techniques discussed in this 
application note, and on A/D conversion in general, refer to the list of references at 
the end of this document. 

This document is divided into two major sections. The first section deals with 
traditional A/D conversion techniques and the specific attributes of each. Other 
aspects of analog data acquisition such as sample-and-hold circuits, analog 
multiplexers, and voltage references are also discussed in order to provide a 
foundation for what follows. 

The second section of this engineering bulletin addresses the previously discussed 
A/D schemes in light of the capabilities and features of the NEURON CHIP. Several 
design examples are discussed in detail, not only to illustrate important points but 
also to provide the time-constrained (or anxious) designer with some pre-tested and 
ready-to-use circuits and accompanying NEURON C code. 

Network performance issues relating to A/D conversion in a distributed control 
application are also covered, in order to make the developer aware of some of the 
common pitfalls associated with such systems. 

The A/D design examples discussed include some off-the-shelf ICs in addition to 
circuits using more simplified external logic along with the NEURON Chip's I/O 
function blocks. As an aid to the designer, a sampling of different off-the-shelf A/D 
conversion ICs along with their features and attributes is included. 

Baclcground 

Figure 1 shows the typical functional blocks found in most analog data acquisition 
designs. Different functional blocks may have varying complexities depending on 
the application. For example, processing low-level analog signals at high speed 
(conversion rate), might require more robust signal conditioning and high-speed 
conversion circuitry. 

The majority of this engineering bulletin deals with the internals of the A/D block 
shown in figure 1. Some attention is given to the other functional blocks only to 
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provide the reader with a working knowledge by which to support the A/D block 
design. 



ANALOG 
INPUTS 



SIGNAL 
COND. 



ANALOG 
MUX 



• Amplifiers 

• Filters 

• Level shifters., 



SAMPLE 
&HOLD 



A/D 



CONTROL LOGIC 



NEURON 
CHIP 



Figure 1 . A typical analog data acquisition sub-system usually consists of 
several of the functional blocks shown. 



Analog-to-digital conversion techniques can be divided into two distinct classes: 
direct and indirect. 

In the direct conversion technique, the analog signal is continuously compared to 
the output of a D/A converter. The D/A converter's input is changed based on the 
results of the comparison, until the D/A converter's output matches the analog 
input signal. The input to the D/A converter is then the desired digital output. 

Figure 2 illustrates the basic building blocks of a direct converter. The various direct 
conversion schemes differ in the way the input of the D/A converter is changed, 
namely the control process that uses the comparator output to generate the next 
digital input for the D/A converter. 



ANALOG 
INPUT 




COMR 



DIGITAL 
CONTROL 



DIGITAL 
OUTPUT 



D/A 




Figure 2. Basic building blocks for direct conversion. 
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With indirect conversion, the analog signal is converted into a time or frequency 
domain signal that is then measured by the digital logic and converted to a binary 
value. 

The following A/D conversion schemes are discussed in the following sections: 

• Counting converter 

• Successive approximation converter 

• Voltage-to-frequency converter 

It is important to note that the actual implementation of these techniques can vary 
significantly from one system to another depending on the requirements of the 
system. Such factors as conversion speed, accuracy, resolution, linearity and cost all 
affect the overall design of a particular A/D conversion sub-system. 

Counting Converters 

This is the simplest form of the direct conversion technique. The implementation 
flexibility of this scheme allows for wide design variations, from an entirely 
hardware-based design to a combined hardware-software implementation. This 
allows the use of already available resources within the NEURON CHIP in order to 
reduce overall cost and complexity. 

There are two basic types of counting converters: stair-step and tracking. In the stair- 
step scheme, the count and control functional block shown in figure 2 is an N-bit 
up-counter whose counting operation is controlled by the comparator output. 

At the start of the conversion cycle, the counter simply starts counting up from zero 
until the output of the D/A converter equals the input analog signal. At that point, 
the counter stops incrementing. The N-bit binary number in the counter represents 
the digital output corresponding to the analog input signal. The counter is then 
reset and the entire sequence is repeated for another conversion. 

The conversion speed of this technique is relatively low due to the inherently slow 
counting process ret^uired. For an N-bit converter, the worst-case (full-scale) 
conversion time is 2 clock cycles. 

The counting operation can also be performed by software. Although logically 
equivalent to the all-hardware implementation, this scheme allows the use of 
already available resources (microprocessor or microcontroller) in order to reduce 
the amount of external logic. The use of software also permits design modification 
(e.g., changes in the conversion algorithm) at a much lower cost. 

The basic structure for a software-oriented counting- type A/D converter is shown in 
figure 3. 
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Figure 3. Software-driven counting-type A/D converter. The processor 
replaces the digital control block shown in Figure. 2. 



The average conversion speed of the stair-step counter converter may be increased 
by using an up-down counter. In a tracking or servo-type converter, the counter is 
allowed to count in both directions and track the input analog voltage. This 
translates to shorter conversion time for small changes in the analog input. For 
large changes, however, the conversion time approaches that of the original stair- 
step converter. The tracking counter converter can also be implemented in software 
(figure 3) by modifying the software to behave accordingly. 

Counting converters (stair-step or tracking) are suitable in applications where 
conversion speed is of small concern relative to the cost and simplicity of the design. 

Successive Approximation Converters 

This direct- type conversion scheme is similar to the counting type A/D converter in 
all but the count and control section, as shown in figure 4. 
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Figure 4. Basic building blocks for a successive approximation-type A/D 

converter. 

The successive approximation register bypasses the long and slow process of 
incrementing the count sequentially. This is accomplished by toggling each of the N 
bits of the digital output one at a time, starting with the MSB, while monitoring the 
output of the comparator. With this technique, only N cycles are needed for a 
conversion. 

The successive approximation converter has gained popularity due to its relatively 
balanced attributes (speed, complexity and cost). A number of off-the-shelf 
converters on the market today are of the successive approximation type. Some of 
the following design examples will use such ICs. 

The circuit shown in figure 3 can also be used to implement a successive 
approximation converter. The only change is a software modification that 
implements the successive approximation algorithm instead of the counting 
algorithm in the microprocessor or microcontroller. 

Voltage-to-Frequency Converters 

This indirect conversion technique transforms the analog signal into the frequency 
domain. The frequency is then measured with a separate circuit or by a software 
routine. A block diagram is shown in figure 5. 



ANALOG 
INPUT 



VOLTAGE- 
TO- 




FREQUENCY 


FREQUENCY 


► 


MEASUREMENT 


CONVERTER 







DIGITAL 
CXJTPUT 



Figure 5. Voltage-to-frequency conversion. 
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The interface between the vohage-to-frequency (V/F) converter block and the 
frequency measurement block is a two-wire connection that carries a waveform 
with a frequency proportional to the amplitude of the input analog signal. 

The V/F conversion technique is therefore useful in cases where the analog sensor 
is physically distanced from the rest of the system. In such a setup, the V/F 
converter is situated next to the source of the analog signal. A connecting pair of 
wires carries the frequency output to the main system for further processing. Note 
that the analog signal no longer has to travel for a long distance, thus avoiding 
signal degradation and interference. 

A variation on the V/F method is the pulse-width conversion method. In this 
technique, the amplitude of the analog signal determines the output pulse width of 
a one-shot circuit. The pulse width, as with the frequency in the V/F case, is then 
measured and appropriately converted to a digital number. 

As with any other conversion scheme, there is a balanced tradeoff between speed of 
conversion and resolution. A unique characteristic of the V/F conversion 
technique, however, is the high degree of control the designer has over this balance. 

By changing the conversion scale of the V/F converter block shown in figure 5, for 
example, one can easily increase or decrease the resolution while decreasing or 
increasing the conversion speed. 

The NEURON CHIP, with its built-in timer /counter, easily lends itself to the above 
time measurements. The input objects than can be used for time/period 
measurements are ontime, period, and pulsecount, all having 16-bit resolution. 

Other A/D Conversion Techniques 

There are a number of other analog conversion techniques that we have not 
discussed here. This should by no means reflect on their relative importance in the 
A/D conversion arena. The scope of the conversion techniques discussed has been 
limited to the ones that directly relate to the NEURON CHIP interface and capitalize 
on its features. 

Conversion techniques such as flash, half-flash, integrating (dual-slope, quad slope) 
and delta-sigma are addressed in many texts, some of which are noted in the 
reference section at the end of this engineering bulletin. 

Sample/Track and Hold 

In the previous conversion techniques, a basic assumption was implied about the 
rate of change of the input analog signal. 

Generally, input signal changes of greater than 1/2 LSB during any of the 
conversion processes results in a misleading digital output. Therefore, it is assumed 
that the input is constant, or that the change is so small that it is not recognized by 
the A/D converter (e.g., outdoor light intensity or temperature). 

For a time-varying analog signal, there is a need for circuitry that stabilizes the input 
to the A/D converter while the conversion process is taking place. The simplest 
approach is to use a low-pass filter that discriminates against higher frequencies 
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(slew rates) that fall outside the converter's sampling rate. Another option would be 
to use a sample-and-hold (S/H) circuit. 

A S/H block, as shown in figure I, takes a snap-shot of the input signal when 
instructed to do so, and holds that value until the next sannple. 

A track-and-hold (T/H) circuit, on the other hand, spends most of its time tracking 
the input voltage and switches to the hold mode for brief periods of time when 
instructed to do so. 

A wide selection of S/H and T/H ICs exist on the market that enable the designer to 
bypass the design of this functional block in all but the most demanding cases. Most 
S/H ICs are also capable of performing in the T/H mode. 

Analog Multiplexers 

Analog multiplexers, as shown in figure 1, permit the use of only one A/D 
converter (and its associated S/H) for acquiring analog signals from multiple 
sources. They perform in the analog domain what digital multiplexers do in the 
digital domain. 

An analog multiplexer has the advantage of fast switching time without the 
l^ounce' typically associated with mechanical relays. However, since semiconductor 
switches are used in these devices, the ON resistance might affect the measurement 
in some design situations. 

As with the S/H case, a variety of off-the-shelf analog multiplexer ICs are available 
on the market to aid the designer. 

Voltage References 

In any A/D conversion design, there is a need for a point of reference against which 
the input signal must be compared. 

When measuring physical quantities, the analog input is either an absolute signal 
(e.g., voltage or current) or it is in the form of a varying ratio. In the case of an 
absolute signal, the converter must be able to measure absolute levels of input. 

For example, a thermocouple, which has a to 0.25 volt output range, must be used 
with an A/D converter that can recognize an absolute voltage of 0.125 as the half- 
scale value. This is accomplished by providing an accurate reference to the A/D 
converter. 

In the case of a varying ratio, absolute accuracy is not important. This is referred to 
as ratiometric measurement since the measured analog signal is dependent on a 
ratio provided by the transducer and not the voltage driving the transducer. 

Both referencing schemes are used today as they each address a different need. An 
absolute referencing technique must be used where the analog sensing device 
produces an absolute voltage. Many such sensors exist today. Semiconductor 
transducers that measure such physical quantities as temperature, force and 
acceleration produce an absolute voltage relative to the measured quantity. 

Use of the absolute referencing design, however, requires an accurate and stable 
reference voltage circuit which might be a disadvantage in terms of cost and 
complexity. The ratiometric approach eliminates this need while providing highly 
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accurate measurements. Since both the measurement transducer and the A/D 
converter use the same reference voltage, voltage changes are observed by both and 
are therefore cancelled out. 

The use of this scheme requires, however, a transducer capable of providing a 
variable impedance or ratio as an output, much like a center-tapped potentiometer. 

Design Examples 

The following is a series of actual design examples using the NEURON CHIP. All 
circuits and their accompanying software have been tested to validate their 
functionality. 

Several off-the-shelf ICs have been used with the designs in order to provide a good 
sampling of the available options. In addition, an A/D converter circuit discussed 
uses the internal functions of the NEURON CHIP with minimal additional logic to 
accomplish its task. 

Using an A/D converter IC with a parallel interface requires more I/O pins than a 
serial interface. In addition, the interface is further complicated by any converter 
with a resolution greater than eight bits. 

For this reason, the off-the-shelf A/D converter ICs used in the following examples 
are serial. 

In the following circuits, as with any A/D circuit in general, careful attention must 
be given to potential noise and error sources such as ground loops, offset voltages 
and currents, and layout techniques. 

Example 1 

Figure 6 illustrates a typical connection of the NEURON CHIP to the Motorola 
MC145053 single-chip A/D converter IC for performing ratiometric measurements. 
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Figure 6. An example of an off-the-shelf A/D solution with the Neuron CHIP 

using the fwlotorola fylC145053. 
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This is an example of a 10-bit, multi-channel, full-duplex, serial A/D IC. The address 
information is clocked into the IC at the same time the converted digital output is 
clocked out. 

Using the NEURON Chip's neurowire I/O object, also a full-duplex interface, we can 
simultaneously shift out the new address and shift in the converted data from the 
previous address. 

An internal S/H function is provided by the MC145053. In addition, three test 
addresses are available for verification of the operation of the chip. Refer to the 
MC145053 data sheet for specific feature and timing information. 

The Motorola MC145051 is identical to the MC145053 except that it provides 11 
analog input channels in a 20-pin package. 

The following is an example of typical NEURON C code for use with the circuit of 
figure 6. 

//A/D conversion function for the 
//Motorola MC145053 (and MC145051). 

//The function analog_to_digital ( analog_addr ) returns a 

//10-bit number corresponding to the analog input with 

//address of analog_addr from previous call. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 mo declarations/ /////////////////// / 

I0_8 neurowire master select (IO_0) ADC_IO; //A/D chip interface 

IO_0 output bit ADC_CS = 1; //running at 20Kbaud 

///////////////////Function declaration//////////////// 

unsigned long analog_to_digital (unsigned long analog_addr) ; //function 

/ /protocol 

///////////////////Function definition///////////////// 
unsigned long analog_to_digital ( unsigned long analog_addr) { 
static unsigned long adc_info; //raw data 

unsigned long digital_out; //returned digital data 

adc_info = analog_addr<<12 //shift new addr out, and 

io_in (ADC_IO, &adc_info, 10); //get converted data for previous address 
digital_out = ( (adc_info»6) & 0x3fc) | (adc_info & 0x03) ; 

//shuffle bits for correct format 

return digital_out ; 

} 

The neurowire interface is operating at 20 Kbaud (default). Alternatively, it could be 
configured for operation at 10 or 1 Kbaud, if using an A/D converter IC that cannot 
work at such a high speed. 

The select pin for the neurowire is chosen to be the IO_0 pin in this example and 
must be given an initial value of logic 1, as required by the IC. 
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The address that is clocked into the chip must reside in the four least significant bits 
of analog_addr. Also, the data clocked out of the IC, adc_inf o, needs to be shifted 
due to the fact that the MSB is shifted out first, in blocks of eight bits. For more 
information on the operation of the neurowire I/O object refer to the NEURON C 
Programmer's Guide. 

The conversion rate is dependent on the neurowire baud rate selected, the particular 
mode the MC145053 is used in, and the actual program itself. Using the above 
program (20 Kbaud, 16-bit mode), a complete conversion can be performed in about 
1 ms. 

Example 2 

Figure 7 is an example of multiple A/D ICs interfacing to the NEURON CHIP. The 
Linear Technology LTC1095 is a multi-channel, 10-bit successive approximation, 
half-duplex serial A/D IC with additional features such as S/H, voltage reference, 
single-ended or differential analog input modes, and unipolar or bipolar operation, 
all conveniently integrated into a single IC. 
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Figure 7. Multiple A/D interface using Linear Technology's LTC1095. 
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The circuit in figure 7 uses the absolute referencing technique discussed earlier. The 
internal, 5 volt, reference voltage generator of the IC provides an accurate source for 
scaling the input analog voltages. In the unipolar mode of operation, this translates 
to an input range of to 5 volts. In the bipolar mode, the range in increased to -5 to 5 
volts. Both modes assume a direct connect of the LTC1095 reference output pin to 
the reference input pin. 

The reference input of the LTC1095 can be connected to other reference voltages to 
accommodate any input signal range. The availability of an input reference pin 
permits ratiometric referencing. 

In addition to the analog channel address, the LTC1095 requires other configuration 
information. The format of the 7-bit configuration word is as follows: 



START 


SGU 


ODD/ 


SEL 


SEL 


UNI 


MSBF 




-DIFF 


-SIGN 


1 








Each of the above fields permits the user to configure the different features of the IC 
for different applications. The above configuration bits are defined as follows: 

- Initiates data transfer 

- Inputs referenced to COM, or differential pairs 

- Select the single-ended input, or polarity of differential pair 

- Channel selection 

- Unipolar or bipolar operation 

- MSB out on data output from the converter 



START 
SGL/~DIFF 
ODD /-SIGN 
SELO, SELl 
UNI 
MSBF 



Additional information on the timing and functionality is contained in the LTC1095 
data sheet. 

Since this IC uses a half-duplex communication protocol, the address clock-in and 
the data clock-out cycles do not occur simultaneously. This implies that the data can 
be accessed immediately after the address has been clocked into the IC. 

The address clock-in and data clock-out are part of a single operation, meaning that 
the Chip Select (~CS) line must be held active during the full sequence. 

A neurowire I/O function call normally activates the designated select line at the 
beginning of the operation and deactivates it at the end. Therefore, unlike the 
previous example, we cannot use the full-duplex neurowire function. 

The bitshift I/O object is used in conjunction with the neurowire I/O object in this 
example. The address is clocked-out to the LTC1095 first using the bitshift function. 
This is immediately followed by a neurowire function call that clocks-in the 
converted data from the previous address in to the NEURON CHIP. The neurowire is 
used, therefore, as a half-duplex interface. 

The ~CS line is held active (low) throughout this entire sequence of events by 
overlaying the select line of the neurowire with a bit output object. This allows for 
separate control of that line by both the neurowire object and the application 
program. 
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The following is a NEURON C program that can be used with the circuit of figure 7. 

//A/D conversion function 

//for the Linear Technology LTC1095. 

//The function analog_to_digital (analog_addr ) returns a 
//10-bit number corresponding to the analog input with 
//address of analog_addr, from the ADC designated by adc_num. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 mo &&c\&-ca.^lori^l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
IO_0 output bit ADC_CS_1 = 1; 
I0_1 output bit ADC_CS_2 = 1 ; 

I0_8 neurowire master select (IO_0) ADC_I0_1; //A/D chip interface 
I0_8 neurowire master select (I0_1) ADC_I0_2; //A/D chip interface 
I0_8 output bitshift numbits (8) clockedge {+) //A/D chip interface 

ADC_group_control ; 
///////////////////Function definition///////////////// 

unsigned long analog_to_digital ( int adc_num, unsigned short analog_addr) { 
static unsigned long adc_data; //raw data from A/D chip 

unsigned long digital_out ; //returned digital data 

static unsigned short addr; //analog address/conf ig 

//info to A/D 

addr = analog_addr ; 

if (adc_num==l ) io_out (ADC_CS_1 , 0); //Activate first ADC 

if (adc_num==2) io_out (ADC_CS_2, 0); //Activate second ADC 

io_out (ADC_group_control , addr); //send addr info to A/D 

if (adc_num==l) io_in (ADC_I0_1 , &adc_data, 16); //get converted data 

if (adc_num==2) io_in (ADC_I0_2 , &adc_data, 16); //get converted data 

digital_out = adc_data >> 6; //right justify 

return digital_out; 

1 

The function analog_to_digital (adc_num, analog_addr) returns the 
converted data for the specified converter, adc num, and the given configuration 
information, analog_addr. 

One completed A/D conversion cycle using the above program requires 8 bitshift 
clock cycles (ISKbaud), 16 neurowire clock cycles (20 Kbaud), and the latency 
associated with executing the code to perform the I/O functions. For a NEURON CHIP 
running at lOMHz, the total conversion time is approximately 1.5 ms. 

It is important to follow the rules outlined in the LTC1095 data sheet for 
implementing a ground plane. Proper bypassing, good layout techniques, and 
minimization of noise on the reference input are also important for reducing errors 
to a minimum. 
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Example 3 

This example makes use of the available resources within the NEURON CHIP to 
implement a stair-step counting type A/D converter suitable for relatively low 
conversion rates and resolution. 

The design in figure 8 is perhaps the simplest of all the examples covered in this 

document in terms of hardware requirements external to the NEURON CHIP. The 

counter and its associated logic needed for this type of conversion are implemented 

in software using NEURON C. To simplify the circuitry even further, the D/A 
iinpieiiieut a siair-biep Luuiumg lype t^i lj cunvcut-i jmiuun. i^ji n,it*i.n,x^ iv>.. 

conversion rates and resolution. 

The design in figure 8 is perhaps the simplest of all the examples covered in this 
document in terms of hardware requirements external to the NEURON CHIP. The 
counter and its associated logic needed for this type of conversion are implemented 
in software using NEURON C. To simplify the circuitry even further, the D/A 
converter is reduced to a simple passive integrator driven by the pulsewidth output 
object of the NEURON CHIP. 
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Figure 8. A counting type converter with some help from the NEURON CHIP. 



The pulsewidth output object of the NEURON CHIP produces a continuous train of 
pulses. The frequency of the output is set during the declaration of the output object 
and is therefore set at compile-time to one of the eight available frequencies, from 
152.6 Hz to 19.53 KHz. The duty cycle of the output, however, can be varied under 
program control. This provides a means by which to produce an analog voltage 
using a simple resistor-capacitor network. 

The resolution of the pulsewidth output object can be set at either 8 or 16 bits. 
Therefore, it is theoretically possible to use the circuit of figure 8 for a converter with 
a resolution of up to 16 bits. There are, however, practical limitation in 
implementing a converter with such high resolution. 

The highest output frequency at the 16-bit resolution is around 76Hz. At this 
frequency, the time constant of the RC network shown in figure 8 must be increased 
to accommodate the increased output period. This, in turn, must be accompanied by 
extra delays incorporated in the program to allow voltages to settle. This translates 
to longer conversion times that may be unacceptable in certain applications. 

In addition, without careful attention to noise suppression and ground looping 
effects, such a converter circuit would produce erroneous results at higher 
resolutions. 
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Very good stability can be achieved considering the simplicity of the circuit in figure 
8. This is due to the fact that the pulse-width output waveforms of the NEURON 
Chip are derived from a stable crystal time-base. 

The resistor and capacitor values in figure 8 are chosen to provide a balance between 
circuit speed and ripple rejection, given a pulse- width output resolution of 8 bits. 
For large time constants, the NEURON CHIP must wait for the capacitor to charge up 
to the new value for every update of the duty cycle. For small time constants, the 
voltage at the non-inverting input of the comparator would not be stable between 
duty cycle transitions. The values shown were used for a pulse-width frequency of 
9.77KHZ. 

Careful attention must be given to proper grounding, layout, and component 
selections in order to reduce conversion error and increase stability. This is 
especially important when working with higher resolution converters. For example, 
an improperly biased comparator could result in missed codes at the beginning or at 
the end of the conversion range. 

The design in figure 8 can be adapted for a tracking type counting converter. This is 
achieved by modifying the software to count in both directions. That is, the output 
of the comparator would be used by the NEURON C program to determine the 
direction of the next count change. 
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The program below is an example of typical code that can be used with the circuit of 
figure 8 to implement an 8-bit A/D converter. 

//counting type ADC function using 
//the NKURON Chip's internal resources 
#include <control.h> 



I0_1 output pulsewidth clock (1) DAC_out = 0;//PWM output, 8-bit resolution 

///////////////Function prototype///////////// 

unsigned short analog_to_digital (void) ; 

///////////////Function definition//////////// 

unsigned short analog_to_digital (void) { 

unsigned int digital_out =0; //initialize to zero 

io_out (DAC_out, 0); //reset output 

delay (4000); //wait for cap to discharge 

digital_out = 0; 

while { io_in (match) ==0 ) { //ramp up the DAC output 

io_out (DAC_out, digital_out) ; 

digital_out++; //until it equals the input signal 

if (digital_out == 255) brealc; //ceiling is 255 
watchdog_update ( ) ; //tickle watchdog timer 



///////////////I/O Declarations/////////////////// 



I0_2 input bit match; 



//comparator input 



return digital_out; 
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Example 4 

This example is a variation of example 3. The circuit used in the previous example 
(figure 8) can be used to implement another conversion technique by using a 
different software algorithm. 

The slow conversion of the stair-step is improved in this example by using the 
successive approximation algorithm. The program below is an implementation for 
such an algorithm, written in NEURON C Language, that implements an 8-bit 
converter. 

//Successive approximation type ADC function 
//using Neuron Chip's internal resources 
♦include <control.h> 

/////////////////////////Declarations//////////////////// 

I0_2 input bit match; //comparator input 

I0_1 output pulsewidth clock (1) DAC_out = 0; //PWM output, 8-bit resolution 

//////////////////////Function Prototype///////////////// 

unsigned short analog_to_digital (void) ; 

////////////////////////Function Definition////////////// 
unsigned short analog_to_digital (void) { 
unsigned int digital_out; 
unsigned int bit_num; 
digital_out=0 ; 

for (bit_num =0x80; bit_num!=0; bit_num »=1) { //setup for //8 bit conv. 
io_out (DAC_out , digital_out+bit_num) ; //increment output 

//by bit weight 

delay (1000); //wait for RC to settle 

if (io_in (match) ==0) digital_out+=bit_num; //set new output 
watchdog_update ( ) ; 
) 

return digital_out; 

} 

Note that each conversion now takes a constant number of cycles equal to the 
number of bits desired in the digital output. 

As previously mentioned in example 3, this program could also be implemented 
using the 16-bit feature of the pulsewidth output object. The same limitation, 
however, discussed in the previous example still applies. 

As always, the circuit should be designed with close attention to biasing and 
grounding. Proper comparator offset is especially important as it can be the major 
source of error in this design. 
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Example 5 

This example is an implementation of the voltage-to-frequency conversion 
technique, providing the simplest interface to the NEURON CHIP compared to all 
previous examples. 

The 555 timer is used to produce a square-wave whose frequency depends on an 
analog voltage. Figure 9 shows the circuit and its connection to the NEUORN CHIP. 



NEURON 
CHIP 




Figure 9. Voltage-to-frequency conversion using the 555 timer. 



As shown in figure 9, only one pin is needed for connection of the 555 to the 
Neuorn Chip. This design, therefore, is well suited for applications where NEURON 
Chip I/O resources are at a high demand. 

In addition, in applications where the 555 timer is not situated near the NEURON 
Chip, this design provides for the minimum amount of interface wiring. 

The 555 timer IC in figure 9 is wired as an oscillator with an output frequency that is 
dependent on the input voltage level on pin 5, in addition to Ra, Rb, and C. 

The 555 used in the above configuration does not provide a linear relationship 
between voltage and frequency, desirable in applications requiring relative accuracy. 
Also, since the circuit is not a closed-loop system, it is more susceptible to output 
variations due to temperature, humidity, and long-term drift. 

The circuit in figure 9 does however provide a simple and inexpensive solution for 
providing relative (non-absolute) conversions within a relatively small input 
voltage range. 

For applications requiring higher precision and accuracy, an off-the-shelf voltage-to- 
frequency converter, such as LM131, may be used. This IC is specifically designed for 
A/D conversion applications and provides very good stability and a wide range of 
full scale frequencies in a small 8-pin DIP package. 
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Regardless of the circuit used to convert an analog voltage to frequency, the software 
in the NEURON CHIP must be able to extract a meaningful value from the incoming 
waveform. 

The Neuron Chip provides several ways for accomplishing this task. The ontime, 
period, and pulsecount input objects of the NEURON CHIP may be used to convert an 
input square wave of a varying frequency into a digital number. All three methods 
provide a 16-bit resolution. 

The ontime input object measures the duration of either the high or low (user 
selectable) section of one input waveform cycle. The conversion time is therefore 
dependent on the absolute frequency range and the amplitude of the input voltage. 
A drawback of the ontime method is the instability of the output due to cycle-to 
cycle variations in waveform timing. 

The ontime input function can also be used in a voltage-controlled one shot 
conversion system, where the output pulse-width of the one shot is a function of 
the input voltage. 

The period input object performs the same measurement as the ontime input 
object, except the entire cycle is measured. All attributes of the ontime object scheme 
apply to the period object scheme. One advantage is that, since a larger piece of the 
waveform is now being measured, the contribution of the errors due to cycle-to- 
cycle variations and input range limitations are less pronounced. 

The pulsecount input object provides an alternate solution by measuring the 
number of input edges within a 0.8388608 second time frame. This implies a 
constant conversion time. 

The major advantage in using the pulsecount input function block is the inherent 
averaging performed by the function itself. Since the actual number of pulses are 
counted within a given time period, the minor cycle-to-cycle time variations will be 
averaged over many cycles and would therefore have a much smaller impact on the 
overall conversion result. 

It should also be noted that the pulsecount object, unlike ontime and period, 
provides an inverse relationship between input voltage and the digital number. An 
increase in the input voltage causes a decrease in the frequency which translates to a 
lower count value returned by the pulsecount function. 
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The following is an example of typical code for use with the circuit in figure 9. The 
pulsecount input object is used to implement a 16-bit converter. 

//A/D conversion using a 555 timer 
//as a V-to-F converter 
#include <control.h> 

I0_5 input pulsecount analog_input ; 

////////////////////////Function declaration//////////////// 
unsigned long analog_to_digital (void) ; 

////////////////////////Function Definition//////////////// 
unsigned long analog_to_digital (void) { 
unsigned long digital_out; 

digital_out=io_in (analog_input ) ; 

return digital_out ; 

1 

Performance Issues 

Several factors must be taken into account when dealing with real-time, 
asynchronous, analog signals in a system. These factors become especially important 
in a distributed network, where the interaction of one node with the others directly 
affects the network performance and therefore the overall system functionality. 

In a distributed control environment, a typical node might convert an analog signal 
to a digital number, either for direct measurement of the level of the signal, or for 
calculating another parameter that depends on the analog signal. 

In either case, if the resultant digital number is placed on the network for 
transmission to one or more nodes, overall network traffic is affected, depending on 
how and when the information is passed, and on the behavior of the analog signal 
itself. 

For example, if the converted digital number is passed from one node to another 
each time there is a new analog value, the number of packets transferred is directly 
proportional to how often the sending node performs a conversion. 

It is generally not desirable to allow network traffic to be controlled so closely by an 
external event. This is specially true in the case of an A/D converter where the 
digital output can change as a result of noise or quantization error. 

Therefore, in order to minimize the amount of redundant network traffic and to 
improve overall system response time, one or more of the following techniques 
should be used. 

1) Using polled network variables. This would cause a packet transfer only when the 
receiving node requests the sending node to do so. 

2) Making A/D conversions less frequently. By optimizing the rate of conversion, 
redundant packet transmission is reduced. This would also free the application 
processor for other tasks. 
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3) Introduce hysteresis by sending updates over the network only when the change 
in the converted digital number is larger than a specified value. 

4) As a variation on (2) above, time-average the digital values between update 
intervals. 
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A/D Converter Sources 

The following is a partial listing of serial A/D converter ICs available on the market. 
The ICs used in the previous examples are included. 



PART 
NUMBER 


BITS 


CONV, 
SPEED 


PKG SIZE 


# OF 
CHN 


S/H 


REF 


COMMENTS 


Analog 
Devices 

AD575 


10 


30 ns 


14 pin DIP 


1 


N 


Y 


Dual supply, 
unipolar or bipolar 


Linear 
Technology 

LTC1091 

LTC1092 

LTC1094 

LTC1095 

LTC1291 

LTC1292 

L I t_l 294 


10 
10 
10 
10 
12 
12 
12 


20 ns 
20 ns 
20 ns 
20 ns 
13 ns 
13ns 
13 ns 


8-pin DIP 
8-pin DIP 
20-pin DIP 
18-pin DIP 
8-pin DIP 
8-pin DIP 
20-pin DIP 


2 
1 

8 
6 
2 
1 
8 


>■>■>->■>■>■>■ 


N 
N 
N 
Y 
N 
N 
N 


Vcc=Vref 

Unipolar/bipolar 
Vcc=Vref 


National 
















AD0831 


8 


32 ns 


8-pin DIP 


1 


N 


N 




AUUooZ 


Q 




ns 


0-pin uii 


z 


N 






AUUoj4 


Q 

o 


o2 ns 


14-pin uli 


A 

4 


N 






AD0838 


8 


32 ns 


20-pin DIP 


8 


N 


N 




Motorola 
















MC145051 


10 


88 nS 


20-pin DIP 


11 


Y 


N 




MCI 45053 


10 


88 nS 


14-pin DIP 


5 


Y 


N 




Maxim 

Integrated 

Products 

MAX170 


12 


5ns 


8-pin DIP 


1 


N 


Y 


Dual supp, uni/bi 


MAX171 


12 


5ns 


8-pin DIP 


1 


N 


Y 


Opto-isolated 


MAX190 


12 


13 ns 


24-pin DIP 


1 


Y 


Y 
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